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CLINICAL STUDIES 
Mild Mitral hisufficiency Is a Marker of Impaired Left Ventricular 
Performance in Aortic Stenosis 
DOUGLAS S. SCHULMAN, MD, MICHAEL S. REMETZ, MD, JOHN ELEFTERIADES, MD, 
CHARLES I$. FRANCES, MD, FACC 
New Haven, Connecticut 
Whether mitral insufficiency is a marker of decreased left 
vent&ular function in patients undergoing aortic valve 
replacement for severe aortic stenosis was examined. He- 
modynamic measurements in 26 patients with pure aortic 
stenosis (Group l), 17 patients with aortic stenosis and 
grade 1 or 2 mitral insu&iency (Group 2) and 19 control 
patients were compared. All patients were free of signiti- 
cant coronary artery disease. Ventriculograms were digi- 
tized for calculation of ejection fraction, ventricular vol- 
umes and wall stress. 
Despite similar aortic valve areas, Group 2 patients had 
more advanced symptoms. Cardiac index was comparably 
decreased in Group 1 (2.6 f 0.4 literslmin per m2) and 
Group 2 (2.7 + 0.8 literslmin per m2) compared with the 
control group (3.8 + 0.6 literslmin per m*). Left ventricular 
end-diastolic and end-systolic volume indexes were in- 
creased only in Group 2 (119 f 35 and 73 + 36 mf/m2, 
respectively). Likewise, end-systolic wall stress was in- 
creased only in Group 2 (149 f 54 kdynes/cm2). Ejection 
fraction was decreased to a greater extent in Group 2 (42 f 
17%) than in Group l(59 + 13%) as compared with values 
in the control group (68 f 5%). Although an inverse 
relation existed between ejection fraction and end-systolic 
stress in all groups, the ejection fraction (extrapolated to 
end-systolic stress = 0) was decreased in Group 2, and the 
slope of the relation was increased in Groups 1 and 2. The 
end-systolic stress/end-systolic volume index ratio, an index 
of ventricular performance, was also decreased to a greater 
extent in Group 2. 
In severe aortic stenosis, the presence of mild mitral 
insufficiency is a marker of decreased contractile perfor- 
mance and may affect the perioperative and long-term 
prognosis. 
(j Am Co11 Cardiol1989;13:796-%01) 
In aortic stenosis, excessive left ventricular afterload often 
leads to myocardial hypertrophy (1,2) and left ventricular 
chamber dilation (3). Mitral insufficiency occurs commonly 
in patients with aortic stenosis. Myocardial hypertrophy 
with distorted left ventricular chamber geometry, chamber 
and annular dilation or mitral valve disease may cause mitral 
insufficiency in this setting. Because both hypertrophy (4,5) 
and dilation (6,7) are associated with impaired contractility 
in aortic stenosis, mitral insufficiency may be a marker of 
myocardial failure if mitral valve disease is excluded. With 
aortic valve replacement, ventricular function normalizes 
when excessive afterload causes heart failure (3,6) but 
remains depressed when heart failure is secondary to im- 
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paired contractile function (4,8). Although aortic valve re- 
placement is generally indicated in severe aortic stenosis, 
postoperative management and long-term prognosis differ 
when heart failure is associated with impaired contractile 
function (4). Therefore, clinical markers of impaired contrac- 
tility may be useful. To determine if mitral insufficiency is a 
marker of a depressed left ventricular contractile state in 
patients with aortic stenosis, we examined indexes of left 
ventricular function in two groups of symptomatic patients 
with aortic stenosis: those with pure aortic stenosis and 
those with aortic stenosis and mitral insufficiency. 
Methods 
Study patients. Left ventricular function in patients with 
aortic stenosis without concomitant coronary artery disease 
or severe mitral regurgitation was examined. Hemodynamic 
measurements and angiograms from all patients undergoing 
aortic valve replacement between January 1984 and May 
1986 were reviewed. Cardiac catheterization and aortic 
valve replacement were performed in 152 patients during 
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that time period. Excluded from analysis were all cases (n = 
109) in which any of the following was present: 1) stenosis 
>50% of luminal diameter in any coronary artery or requir- 
ing coronary artery bypass surgery (n = 37); 2) evidence of 
mitral valve prolapse or flail mitral valve leaflet on two- 
dimensional echocardiogram or ventriculogram, with >2+ 
mitral insufficiency or requiring mitral valve replacement (n 
= 27); 3) poor quality ventriculogram, in which the endocar- 
dial border or wall thickness could not be ascertained. or 
cases in which the angiograms were not available for review 
(n = 20); 4) > 1 + aortic insufficiency (n = 7); 5) regional wall 
motion abnormality on the ventriculogram (n = 5); 6) ven- 
tricular ectopic activity during ventriculography such that 
two consecutive sinus beats were not recorded 
(n = 5); 7) atrial fibrillation (n = 3); 8) a change of >40 ms in 
the cardiac cycle length between the time of pressure record- 
ing and ventriculography (n = 3): 9) mitral valve gradient at 
end-diastole (n = 1); and 10) unavailability of the two- 
dimensional echocardiogram (n = I). 
Of the remaining 43 patients, 26 had isolated aortic 
stenosis (Group 1) and 17 had aortic stenosis with some 
degree (grades 1 or 2) of mitral insufficiency (Group 2). For 
comparison, I9 patients underwent cardiac catheterization 
to evaluate atypical chest pain and constituted a control 
group. These patients had no evidence of coronary or 
myocardial disease, hypertension or mitral valve disease. 
Cardiac catheterization procedure. Patients were premed- 
icated with oral diazepam and diphenhydramine. Right heart 
catheterization was performed through the femoral or deep 
medial arm vein. Left heart catheterization was performed 
retrograde through the femoral or brachial artery. Pressure 
was recorded with a well flushed fluid-filled pigtail catheter 
just before ventriculography. Ventriculography was per- 
formed with injection of 35 to 50 ml of Renografin-76 in the 
right anterior oblique projection and filmed at 30 frames/s. 
Coronary angiography was performed in all patients, and 
aortography was performed in the majority of patients. A 
grid positioned at the mid-chest level was filmed to correct 
for magnification and pin cushion distortion. Cardiac output 
was obtained by thermodilution and Fick methods. 
Data analysis. A well opacified sinus beat not preceded 
by a premature ventricular contraction was analyzed. Left 
ventricular silhouettes were digitized with a sonic digitizer 
(Science Accessory Corporation) interfaced to a Z-100 mi- 
crocomputer (Zenith, Inc.). Left ventricular end-diastolic 
and end-systolic volume indexes were calculated by the 
area-length method (9), with correction by a regression 
equation (10) and body surface area. End-systole was de- 
fined angiographically as the smallest left ventricular volume 
in the cycle and hemodynamically at the point of the aortic 
dicrotic notch. Left ventricular end-diastole was defined 
angiographically as the largest left ventricular volume in the 
cycle and hemodynamically as the point coincident with the 
onset of the QRS complex. Left ventricular wall thickness 
was measured at the mid-anterior wall at end-diastole. 
Ejection fraction was computed in the standard manner. 
Aortic valve area was calculated by the Gorlin equation (11). 
End-systolic circumferential wall stress was calculated with 
use of Mirsky’s equation (12); Stress = Pb/2h (I-h/2b-b/2a’) 
x 1.332 dynes/cm’, where P = aortic dicrotic notch pres- 
sure, h = end-systolic wall thickness, b = end-systolic 
semi-minor axis and a = end-systolic semi-major axis. 
End-systolic wall thickness was calculated from end- 
diastolic wall thickness, assuming that left ventricular mass 
is constant throughout systole by the method of Hugenholz 
et al. (13). End-diastolic stress was calculated in a similar 
manner with use of left ventricular end-diastolic pressure, 
dimensions and wall thickness. Left ventricular mass was 
computed as: Mass = (pi/6)(a + 2h)(b + 2h)’ - end-diastolic 
volume) x 1.05. Mass was normalized for body surface area. 
TAP \~enticulograms and t,i,o-dimensional echocardio- 
grams were evaluated to determine the presence of mitral 
annular calcification, mitral valve prolapse or Aail mitral 
valve leaflet. Doppler echocardiography was performed in- 
frequently at our institution during the course of this study. 
Angiographic mitral insufficiency was graded on a 1 t to 4+ 
scale (14). Ventriculograms were reviewed by two observers 
who did not know the results of assessment of left ventric- 
ular performance. There was no disagreement among ob- 
servers in differentiating mild (grades 1 and 2+) from mod- 
erate and severe (grades 3 and 4t) mitral insufficiency. 
Statistical analysis. Data are expressed as mean values 2 
SD. Differences among the three groups were compared by 
one factor analysis of variance, followed by the Neuman- 
Keuls multiple comparison test if a significant difference was 
found. A value of p < 0.05 was considered statistically 
significant. FOJ each group, the relation between ejection 
fraction and end-systolic stress was determined by linear 
regression analysis. Differences in slope and intercept were 
determined by Students t test with Bonferroni correction for 
multiple comparisons (p < 0.017 [0.05/3] was considered 
significant). The ratio of end-systolic stress to end-systolic 
volume index was determined for each patient, and the 
relation between this ratio and left ventricular mass index 
was determined for each group by linear regression analysis. 
Results 
Clinical characteristics. The clinical characteristics of 26 
patients with aortic stenosis (Group I) and 17 patients with 
aortic stenosis and mitral insufficiency (grade 1 or 2) (Group 
2) are shown in Table 1. All Group 1 and 2 patients had aortic 
valve replacement as the sole surgical procedure. The pa- 
tients with aortic valve disease were older than the control 
patients. In Group 1, 15 of the 26 patients presented with 
predominant congestive symptoms, 9 with angina and 2 with 
syncope. In Group 2. 14 of the 17 patients presented with 
798 SCHULMAN ET AL. JACC Vol. 13, No. 4 
MILD MITRAL INSUFFICIENCY IN AORTIC STENOSIS March 15, 1989:796-l301 
Table 1. Clinical and Hemodynamic Variables in Patients With 
Aortic Stenosis (Group l), Aortic Stenosis With Grade 1 or 2 
Mitral Insufficiency (Group 2) and the Control Group 
Control 
Variable Group 1 Group 2 Group 
Age (yr) 68 + 8 70 + 9 58 + 8* 
NYHA class III 6126 13117t - 
AVA (cm2) 0.6 + 0.2 0.6 r 0.2 - 
CI (litersimin per m’) 2.6 ‘- 0.4 2.7 + 0.8 3.8 ? 0.6* 
LVEDP (mm Hg) 23 ? 7 22 2 9 IO ? 3* 
EDVI (mVm2) 82 + 28 119 ? 35t 762 15 
ESVI (ml/m’) 35 + I9 73 ? 36t 24 t 1 
WT (cm) I.4 + 0.3 I.3 + 0.4 0.9 2 0.1* 
Mass index (g/m’) 211 + 83 252 f 81 I20 + 25* 
*p < 0.05 control group versus Groups 1 and 2; tp < 0.05 Group 2 versus 
?? Enddiastolic stress 
0 End-systolic stress 
Group 1 Group 2 
Group I and the control group. AVA = aortic valve area; Cl = cardiac index; 
EDVI = end-diastolic volume index; ESVI = end-systolic volume index; 
LVEDP = left ventricular end-diastolic pressure; NYHA class = New York 
Heart Association functional class; WT = wall thickness. 
Figure 1. Differences in end-diastolic and end-systolic stress among 
the control group, Group 1 and Group 2. Note increased end- 
diastolic wall stress in Groups 1 and 2. End-systolic wall stress is 
increased only in Group 2. *p < 0.05 Group 2 versus the control 
group and Group 1; tp < 0.05, control group versus Groups 1 and 2. 
congestive failure, 2 with angina and 1 with syncope. A 
greater number of Group 2 patients (13 of 17) than Group 1 
patients (6 of 26, p < 0.05) presented in New York Heart 
Association functional class III. Calculated aortic valve 
areas were similar. Similar numbers of Group 1 and 2 
patients had mitral annular calcification on echocardiog- 
raphy. 
end-systolic stress = 0 (EF,) was decreased in Group 2 
versus Group 1 and the control group (p < O.Ol), and the 
slopes for Groups 1 and 2 were greater than for the control 
group (p < 0.01). As shown in Figure 3, values in 15 of 26 
Group 1 patients and 14 of 17 Group 2 patients fell below the 
95% confidence interval defined by the control ESSlEF 
relation, consistent with impaired left ventricular contractil- 
ity in both groups. 
Hemodynamics (Table 1). Cardiac index was decreased 
and end-diastolic pressure was increased in Groups 1 and 2 
compared with findings in the control group. Left ventricular 
end-diastolic and end-systolic volume indexes were elevated 
only in Group 2. Left ventricular wall thickness was in- 
creased in both Groups 1 and 2 compared with values in the 
control group. Likewise, left ventricular mass index was 
greater in Groups 1 and 2 than in the control group. End- 
diastolic circumferential wall stress, a measure of left ven- 
tricular preload, was elevated in Group I (52 t 24 kdynesl 
cm*) and Group 2 (60 r 28 kdynes/cm*) compared with 
values in the control group (32 2 11 kydnes/cm*) (Fig. l), 
(p < 0.05 Groups 1 and 2 versus the control group). Left 
ventr’icular end-systolic stress, an estimate of left ventricular 
afterload, was increased only in Group 2 (149 t 54 kdynesl 
cm*) versus Group 1 (103 ? 27 kdynes/cm*) and the control 
group (119 + 25 kdynes/cm*) (p < 0.05). 
Left ventricular contractility was also estimated by the 
index of end-systolic stress/end-systolic volume index (Fig. 
4). The ratio was most depressed in Group 2 (2.4 ? 1.1 
[kdynes/cm*]/[ml/m*]) versus Group 1 (3.5 ? 1.2 [kdynes/ 
cm*]/[ml/m*]) and the control group (5.1 2 1.1 [kdynes/cm*]/ 
[ml/m*]) (p < 0.05, Group 2 versus 1 versus the control 
group). For both patient groups, the ratio was inversely 
related to left ventricular mass (r = -0.79, p < 0.001 for 
Group 1 and r = -0.79, p < 0.001 for Group 2). 
Figure 2. Individual and mean (U) ejection fractions (EF) in Group 
1, Group 2 and the control group. Ejection fraction is most de- 
pressed in Group 2. 
Ejection performance. Ejection fraction was reduced in 
both patient groups, but to a greater degree in Group 2 than 
Group 1 (Fig. 2); it was 59 ? 13% in Group 1, 42 + 17% in 
Group 2 and 68 t 5% in the control group (p < 0.05, Group 
2 versus 1 versus the control group). An inverse relation was 
observed between ejection fraction (EF) and end-systolic 
stress (ESS) in all groups: Group 1: EF = 93 - 0.35 (ESS), 
r = -0.75, p < 0.001; Group 2: EF = 76 - 0.23 (ESS), r = 
-0.71, p < 0.001; and control group: EF = 86 - 0.15 (ESS), 
r = -0.77, p < 0.001. Ejection fraction extrapolated to 
60 
??? ?
:-. . 
v-- 
Group 1 Group 2 Control 
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Figure 3. Stress-shortening relations in the control group, Group 1 
and Group 2 (top to bottom) show the relation between ejection 
fraction (EF) and end-systolic wall stress (ESS). The 95% confi- 
dence interval defined by the control group is drawn for comparison. 
See text for further discussion. 
Discussion 
Mitral insufficiency is associated with impaired ventricu- 
lar performance in patients with symptomatic aortic steno- 
sis. Compared with patients with pure aortic stenosis, pa- 
tients with aortic stenosis and mitral insufficiency have 
increased left ventricular volumes and wall stress, decreased 
ejection fraction and reduced contractile function. 
Contractile performance in aortic stenosis. Ejection per- 
formance and contractile function have been studied previ- 
ously in patients with aortic stenosis. Increased left ventric- 
ular afterload is one mechanism proposed for reduced left 
ventricular ejection performance (2,3). However, Carabello 
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Figure 4. End-systolic wall stress (ESS)/end-systolic volume index 
(ESVI) ratio for Group 1, Group 2 and the control group. The ratio 
is most depressed in Group 2. 
et al. (6) found disparate results in patients undergoing valve 
replacement with severe congestive heart failure and re- 
duced ejection fraction secondary to aortic stenosis. Those 
patients with postoperative improvement had a normal end- 
systolic stress/ejection fraction relation consistent with 
afterload mismatch. The patients who died postoperatively 
or showed no improvement had a similarly increased after- 
load level but a comparatively decreased ejection fraction 
consistent with depressed contractile function. Several in- 
vestigators (4,5,8) have confirmed that afterload and con- 
tractility determine ejection performance in aortic stenosis 
and that excessive myocardial hypertrophy is associated 
with decreased contractility. However, the clinical rele- 
vance of mild mitral insufficiency in patients with aortic 
stenosis is not known. 
Contractile performance in Groups 1 and 2. In our study, 
reduced ejection performance was related to both afterload 
mismatch and decreased contractility in isolated aortic ste- 
nosis (Group 1) as well as in aortic stenosis with mitral 
insufficiency (Group 2). In Group 1, the ejection fraction/ 
end-systolic stress relation was highly significant. However, 
the slope was greater than normal, and values in many 
patients fell below the confidence interval defined by the 
normal group, despite increased preload, which would tend 
to increase these values. These data and the depressed 
end-systolic stress/end-systolic volume index ratio are con- 
sistent with decreased contractile function. In Group 2, 
contractile state was more abnormal. The end-systolic 
stress/ejection fraction relation, although linear, was mark- 
edly irregular with a reduced ejection fraction extrapolated 
to end-systolic stress = 0 (EF,) and an increased slope. Only 
3 of 17 patients had values within the normal range. The 
end-systolic stress/end-systolic volume index ratio was also 
reduced in these patients, despite increased afterload, which 
would tend to increase the ratio. 
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Role of left ventricular hypertrophy and dilation. Our 
findings indicate that patients with aortic stenosis and mild 
mitral insufficiency have decreased contractile performance 
compared with patients with aortic stenosis alone. These 
data suggest that mitral insufficiency in patients with aortic 
stenosis is a marker of hypertrophy and left ventricular 
dilation. Other than mitral annular calcification, none of our 
patients had valvular or chordal abnormalities on two- 
dimensional echocardiography. It is likely that mitral regur- 
gitation is secondary to geometric changes in the left ven- 
tricular chamber and mitral annulus. Experimental data 
support the concept that chronic pressure overload leads to 
myocardial failure (15). Thus, in patients with aortic steno- 
sis, mitral insufficiency is caused by long-standing pressure 
overload, excessive left ventricular hypertrophy, chamber 
dilation and myocardial failure. 
We cannot dismiss the possibility that mitral regurgita- 
tion is a primary event. If mitral and aortic valve disease 
occur simultaneously, left ventricular pressure and volume 
overload with hypertrophy and dilation would develop. Only 
long-term follow-up studies of patients with aortic stenosis 
to determine whether mitral regurgitation develops in a 
subset can differentiate between these two possibilities. In 
addition, Doppler echocardiographic studies may be useful 
in noninvasively identifying the Group 2 patients. A com- 
bined Doppler and hemodynamic study in patients with 
aortic stenosis is warranted to determine the reliability of 
Doppler echocardiography in this regard. 
Limitations. Our pressure and volume measurements 
were not recorded simultaneously. However, the cycle 
lengths during both recordings were matched within 40 ms, 
thus avoiding major error. Similarly, using fluid-filled cath- 
eters causes a delay in pressure recording of Cl0 ms (16), 
which would not affect our results. 
Limitations in our estimates of contractile function have 
been described elsewhere (17). E,,, is a more accurate 
measure of left ventricular contractility (18-20). However, 
determination of E,,, requires altering loading conditions, 
which may jeopardize patients with severe aortic valve 
disease. We utilized the end-systolic stress/ejection fraction 
relation and end-systolic stress/end-systolic volume index 
ratio, which are load dependent. Increased preload in 
Groups 1 and 2 would tend to normalize the end-systolic 
stress/ejection fraction relation compared with values in the 
control group. Increased afterload would tend to normalize 
the end-systolic stress/end-systolic volume index ratio in 
Group 2 compared with Group 1 and the control group. 
Therefore, we may have overestimated contractility in our 
patient groups. 
Finally, end-systole was dejined as the smallest ventric- 
ular volume and aortic dicrotic notch pressure. In the 
control group and Group 1, this definition likely produces 
little error because end-ejection and end-systole are likely to 
occur very close in time (19). However, in Group 2, the 
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presence of mitral insufficiency and continued ejection into 
the left atrium once the aortic valve is closed complicate the 
definition of end-systole. Recent work by Berko et al. (21) 
has shown that in mitral insufficiency, the maximal pressure/ 
volume ratio occurs within 30 ms before aortic valve closure, 
such that continued ejection into the left atrium has no 
impact on systolic elastance. Aortic valve closure closely 
approximates other definitions of end-systole. Recent data 
(22) have also shown that little ejection occurs after aortic 
valve closure in mitral insufficiency. Thus, use of the small- 
est ventricular volume, rather than volume at aortic valve 
closure, may have slightly underestimated end-systolic 
stress in Group 2. Others (23-26) have used a similar 
definition of end-systole in patients with various large de- 
grees of mitral insufficiency. 
Conclusions. Patients requiring aortic valve replacement 
for symptomatic aortic stenosis often have grade 1 or 2 
mitral insufficiency. These patients have left ventricular 
chamber dilation, increased wall stress and mass and re- 
duced left ventricular ejection fraction. Furthermore, re- 
duced ejection performance is not solely related to increased 
afterload because contractility is also reduced in these 
patients. In this setting, mitral insufficiency may be a marker 
of, and contribute to, left ventricular hypertrophy and dila- 
tion and myocardial failure. 
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